microRNA (miR)-195 acts as a suppressor in multiple types of malignant tumors, including bladder cancer; however, the detailed function of miR-195 in bladder cancer remains largely unknown. The aim of the present study was to investigate the role of miR-195 in the regulation of bladder cancer cell proliferation and to determine whether cell division control protein 42 homolog (Cdc42)/signal transducer and activator of transcription-3 (STAT3) signaling acts as a downstream effector of miR-195 in bladder cancer cells. Reverse transcription-quantitative polymerase chain reaction was used to determine the expression levels of miR-195 in bladder cancer tissues and normal adjacent tissue. The results revealed that the expression of miR-195 was significantly downregulated in bladder cancer tissues compared with that in the normal adjacent tissues. A luciferase reporter assay was then conducted, which identified Cdc42 as a direct target of miR-195, and the expression of Cdc42 was significantly upregulated in bladder cancer tissues, as determined by western blotting. Furthermore, miR-195 negatively regulated the protein expression of Cdc42 in bladder cancer cells. An MTT assay was also conducted to determine the rate of cell proliferation. Upregulation of miR-195 or the inhibition of Cdc42 could inhibit bladder cancer cell proliferation, possibly through activation of STAT3 signaling. In addition, restoration of Cdc42 could reverse the inhibitory effect of miR-195 upregulation on bladder cancer cell proliferation. In conclusion, the results of the present study suggest that miR-195 plays an inhibitory role in the regula-tion of bladder cancer cell proliferation by directly targeting Cdc42/STAT3 signaling.
Introduction
As one of the most common malignant cancers, bladder cancer severely threatens the health of individuals worldwide. Downregulation of tumor suppressors has been demonstrated to largely contribute to the development and progression of bladder cancer (1, 2) . The development of effective gene targets for the treatment of bladder cancer is therefore urgently required. microRNAs (miRNAs) are small (18-25 nucleotides in length), endogenous, non-coding RNAs that can lead to the silencing of gene expression by directly binding to specific seed sequences in the 3'-untranslated region (UTR) of their target RNAs (3) . A number of miRNAs have been shown to act as key regulators in bladder cancer, including miRNA (miR)-145, miR-143, miR-183, miR-96 and miR-195 (4, 5) . Among these miRNAs, miR-195 has been shown to act as a suppressor in various cancers (4, 6) ; for example, miR-195 suppressed the proliferation, migration and invasion of non-small cell lung cancer by targeting MYB (7) . miR-195 has also been suggested to be useful as a potential diagnostic and therapeutic target for breast cancer (8, 9) , and has been shown to inhibit bladder cancer cell proliferation by directly targeting CDK4 and GLUT3 (10, 11) . As one miRNA has multiple targets, and one mRNA can be targeted by numerous miRNAs (12) , the underlying molecular mechanisms of miR-195 in bladder cancer, and the existence of other targets of miR-195, remain unclear.
Cell division control protein 42 homolog (Cdc42), a small GTPase of the Rho-subfamily, participates in the regulation of several signaling pathways that control diverse cellular biological processes, including cell migration, endocytosis and cell cycle progression (13) . The association between Cdc42 and miRNAs in bladder cancer remains largely unclear. The aim of the present study, therefore, was to investigate the role of miR-195 in the regulation of bladder cancer cell prolif-
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eration and to determine whether Cdc42/signal transducer and activator of transcription-3 (STAT3) signaling acts as a downstream effector of miR-195 in bladder cancer cells.
Materials and methods
Tissue specimen collection. with Tween 20, the membrane was incubated with the goat anti-rabbit secondary antibody (Abcam) at room temperature for 40 min. Chemiluminescent detection was carried out using an enhanced chemiluminescence kit (Pierce Chemical, Rockford, IL, USA), and the relative protein expression was analyzed using Image-Pro Plus software 6.0 (Media Cybernetics, Inc., Rockville, MD, USA). Relative protein expression was shown as the density ratio versus GAPDH. Dual-luciferase reporter assay. A mutant-type 3'-UTR of Cdc42 was produced using the QuikChange™ Site-Directed Mutagenesis kit (Stratagene, La Jolla, CA, USA). The wildand mutant-type 3'-UTRs of Cdc42 were inserted into the psiCHECK™2 vector (Promega Corp., Madison, WI, USA), respectively. Human bladder cancer T24 cells were cultured to ~60% confluence in a 24-well plate, and the T24 cells were then transfected with psiCHECK™2-Cdc42-3'-UTR or psiCHECK™2-mutant Cdc42-3'-UTR vector, respectively, with or without 100 nm miR-195 mimics, using Cellfectin ® II Reagent (Invitrogen Life Technologies). After 48 h the dual-luciferase activities in each group were examined on an LD400 luminometer (Beckman Coulter, Fullerton, CA, USA). The activity of Renilla luciferase was normalized to that of firefly luciferase.
Cell proliferation assay. T24 cells in each group were seeded into a 96-well plate. Following culture for 48 h, MTT (0.5 µg/ml) was added into the medium for 1 h of incubation. The medium was then removed and the plate was washed three times in PBS, prior to the addition of 100 µl dimethylsulfoxide to dissolve the precipitate. The absorbance at 570 nm was determined using a microplate reader (Bio-Rad, Hercules, CA, USA).
Statistical analysis. The results are expressed as the mean ± standard deviation of three independent experiments. The statistical analysis of differences was performed using one-way analysis of variance with SPSS 17.0 software (SPSS, Inc., Chicago, IL, USA). P<0.05 was considered to indicate a statistically significant difference.
Results

miR-195 expression is downregulated and Cdc42 expression is upregulated in bladder cancer tissues and cells.
The expression level of miR-195 was determined in bladder cancer tissues, as well as their matched normal adjacent tissues, using RT-qPCR. As shown in Fig. 1A , miR-195 expression in the bladder cancer tissues was notably downregulated compared with that in the matched adjacent tissues. The expression of miR-195 was further examined in bladder cancer T24 cells, which showed that miR-195 expression was also downregulated in T24 cells compared with that in normal tissues. The protein level of Cdc42 was determined in bladder cancer tissues and their matched adjacent normal tissues. Western blotting data showed that the protein level of Cdc42 was upregulated in bladder cancer tissues and T24 cells compared with that in normal tissues (Fig. 1B ), suggesting that Cdc42 may play a suppressive role in bladder cancer.
miR-195 directly binds to the 3'-UTR of Cdc42.
Bioinformatics prediction was performed using TargetScan (http://www.targetscan.org/), which showed that the putative seed sequences for miR-195 at the 3'-UTR of Cdc42 were highly conserved ( Fig. 2A) . The wild and mutant types of Cdc42 3'-UTR were then generated, and dual-luciferase reporter assays were performed in bladder cancer T24 cells in order to verify whether Cdc42 is a direct target of miR-195. As shown in Fig. 2B , the Renilla/firefly value of luciferase activity was notably decreased only in bladder cancer T24 cells co-transfected with the wild-type 3'-UTR of Cdc42 and miR-195 mimics, indicating that Cdc42 is a direct target of miR-195 in bladder cancer T24 cells.
Cdc42 protein expression is negatively regulated by miR-195 in bladder cancer T24 cells. To further determine the effects of miR-195 on Cdc42 expression in bladder cancer cells, bladder cancer T24 cells were transfected with miR-195 mimics, miR-195 inhibitor and scramble miRNA, respectively. As shown in Fig. 3 , the protein level of Cdc42 was notably decreased in T24 cells transfected with miR-195 mimic, while increased in T24 cells transfected with miR-195 inhibitor, indicating that miR-195 negatively regulates the protein level of Cdc42 in bladder cancer T24 cells.
Cdc42/STAT3 signaling is involved in the miR-195-mediated inhibition of bladder cancer cell proliferation. As
Cdc42/STAT3 signaling has been found to largely contribute to bladder cancer cell proliferation (14) , and miR-195 can inhibit the protein expression of Cdc42 in bladder cancer T24 cells, we speculated that miR-195 could play a suppressive role in bladder cancer cell proliferation, via downregulation of Cdc42/STAT3 signaling. To verify this theory, bladder cancer T24 cells were transfected with miR-195 mimics or Cdc42-specific siRNA, or co-transfected with miR-195 mimics and Cdc42 plasmid, respectively. A cell proliferation assay was then performed. It was found that upregulation of miR-195 and the inhibition of Cdc42 significantly inhibited T24 cell proliferation. In addition, the inhibitory effect of miR-195 upregulation on T24 cell proliferation was significantly reversed by the overexpression of Cdc42 (Fig. 4A ).
It was further confirmed that the activation of STAT3 was inhibited by miR-195 upregulation (Fig. 4B) . Accordingly, we suggest that miR-195 inhibits bladder cancer cell proliferation at least partially by the inhibition of Cdc42/STAT3 signaling.
Discussion
In the present study, it was demonstrated that miR-195 was markedly downregulated, while the protein expression of 
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Cdc42 was significantly increased, in bladder cancer tissues when compared with that in the matched normal adjacent tissues. Furthermore, Cdc42 was identified as a direct target of miR-195 in bladder cancer cells, and it was demonstrated that the protein level of Cdc42 was negatively regulated by miR-195. The present findings suggest that Cdc42/STAT3 signaling acts as a downstream effector in miR-195-mediated bladder cancer cell proliferation. miRNAs have been demonstrated to act as mediators in various biological processes via modulation of the expression of target genes at a post-transcriptional level, and the dysregulation of miRNAs plays a key role in the development of various types of cancer (15, 16) . In the present study, it was found that miR-195 expression was significantly downregulated in bladder cancer tissues compared with that in their matched normal adjacent tissues, which was consistent with other studies (4, 17) . The first finding that miR-195 expression was notably downregulated in bladder cancer tissues when compared with that in normal bladder epithelium tissues was reported in a study by Ichimi et al (4) . Han et al (17) then examined the expression profile of miRNAs using deep sequencing and qPCR, and showed that miR-195 expression was notably downregulated in bladder cancer tissues compared with that in matched histologically normal urothelium. More recently, Itesako et al (18) examined the miRNA expression signature of bladder cancer by deep sequencing, and revealed the functional significance of the miR-195/497 cluster. Based on these and the present findings, we suggest that miR-195 may be involved in the development and progression of bladder cancer.
A recent study revealed a detailed role of miR-195 in bladder cancer cells, and showed that miR-195 could suppress glucose uptake and the proliferation of bladder cancer T24 cells by inhibiting GLUT3 expression (10) . In the present study, it was also found that miR-195 could inhibit bladder cancer T24 cell proliferation. Furthermore, Cdc42/STAT3 was revealed to be the downstream effector of miR-195 in bladder cancer T24 cells.
Cdc42 is a small GTPase of the Rho-subfamily. It has been well established that Cdc42 plays crucial roles in the regulation of various cellular functions, particularly cell cycle progression (19) . More recently, the vital role of Cdc42 in the regulation of cancer cell proliferation, migration and invasion has been gradually revealed, and Cdc42 may become a promising target for the treatment of cancer (13, 20) . In a study by Zins et al (21) it was demonstrated that a Ras-related C3 botulinum toxin substrate 1/Cdc42 GTPase-specific small molecule inhibitor could effectively suppress the growth of primary human prostate cancer xenografts and prolong survival in mice. Furthermore, it has been reported that Cdc42 expression is significantly upregulated in bladder cancer tissues compared with that in normal tissues, and Cdc42 silencing caused by siRNA can inhibit the phosphorylation of STAT3 and suppress the growth of bladder cancer cells, suggesting that Cdc42 may serve as a therapeutic target for the treatment of bladder cancer (22, 14) . In the present study, it was demonstrated that miR-195 upregulation could inhibit Cdc42 protein expression in bladder cancer T24 cells. Further investigation showed that the activity of STAT3, a downstream effector of Cdc42, was also reduced following miR-195 upregulation, suggesting that miR-195 plays an inhibitory role in the regulation of Cdc42/STAT3 signaling.
STAT3 is a member of the STAT family of cytoplasmic transcription factors. Overactivation of STAT3 has been found in various types of cancer, suggesting that its overactivation may be closely associated with the development and progression of human malignancies (23) . Evidence has revealed a close association and crosstalk between Cdc42 and STAT3 signaling, and upregulation of Cdc42 can further induce the activation of STAT3 (24) . In addition, STAT3 has been shown to be required for the Cdc42-induced activation of nuclear factor-κB signaling, which plays a key role in the regulation of cell survival and proliferation (25) . In the present study, it was demonstrated that miR-195 upregulation inhibited bladder cancer T24 cell proliferation, accompanied by downregulation of Cdc42/STAT3 signaling, while restoration of Cdc42 reversed the effect of miR-195 upregulation and promoted the activity of STAT3. These findings suggest that Cdc42/STAT3 signaling acts as a downstream effector in the miR-195-mediated inhibition of bladder cancer cell proliferation.
In conclusion, the present study has identified Cdc42 as a direct target of miR-195 in bladder cancer cells, and suggests that miR-195 can inhibit bladder cancer cell proliferation at least partially via the inhibition of Cdc42/STAT3 signaling. Accordingly, miR-195 may be used as a promising therapeutic agent for bladder cancer.
